Time-resolved fluorescence investigations of the interaction of the voltage-sensitive probe RH421 with lipid membranes and proteins.
Fluorescence lifetimes and fluorescence anisotropy decays of the voltage-sensitive styryl-pyridinium dye RH421 have been measured in the presence of dimyristoylphosphatidylcholine vesicles, the water soluble enzyme ribulose 1,5-bisphosphate carboxylase/oxygenase (rubisco), and Na+,K(+)-ATPase-containing membrane fragments. The effect of an intramembrane electric field on the photophysical properties of the dye was investigated by the binding of the hydrophobic ion tetraphenylborate (TPB) to the membrane. TPB was found to significantly increase the average fluorescence lifetime and the order of membrane-bound dye. The increase in fluorescence lifetime is consistent with reorientation of the dye further into the membrane interior. The increase in order may be attributed to an electric field-induced alignment of the dye molecules. From the values of the rotational diffusion constant experimentally determined, the expected response time of the dye to an applied electric field can be calculated for a reorientational mechanism to be on the order of tens of nanoseconds. Experiments with rubisco showed that the dye interacts strongly with the protein. In this case, the dye is so tightly bound that it has almost no independent motion and rotates virtually solely with the protein. The rate of rotational motion of the dye in the presence of Na+,K(+)-ATPase-containing membrane fragments is similar to that in pure lipid membranes. The order parameter of the dye in the Na+,K(+)-ATPase membrane fragments is close to the maximum value. This is most probably due to the high density of protein molecules, which restricts the range of motion of the dye.